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Abstract 
Solid state reaction method involving mixing, calcinations and sintering, has been used to prepare high tempera 
ture superconductor with a nominal composition YBa2Cu3O7- , Y0.9Gd0.1Ba1.9Sr0.1Cu3O7- , Y0.9Pr0.1Ba1.9Sr0.1Cu3 O7-
and Y0.9Pr0.2Ba1.9 Sr0.1Cu3O7-  samples. Solid state laser Nd: Glass with different energies (0.5, 0.95 and 1.4) J has 
been used to study the effect of laser radiation damage through observing the effect on the structural and electrical 
properties of the irradiated sample. All samples lose their superconductivity and became semiconductors. In fact the 
stoichiometry of the irradiated superconductor samples was unaffected by the irradiation process for all samples 
investigated by XRD. Optical microscope showed the topography of the surface was completely changed relative to 
unirradiated area. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
The discovery of high temperature oxide superconductors (HTOSc) has brought a great impact on 
basic science and technology, and has stimulated a remarkably wide range of research activity. Attempts 
have, been made to increase the critical temperature TC in the related perovskites of (TC  77K) which was 
found in YBa2Cu3O7- (YBCO) compound [2][1]. This spawned a flurry of research directed toward these 
materials to modify the chemical composition by isomorphous replacement of the elements in order to 
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raise the transition temperature and to examine the high TC superconductive mechanism. The search for 
materials with even higher TC's continues unabated.  
Irradiation experiment will play an important role in knowing the fundamental aspects of the 
superconducting transition even in such a complicated compound. The effect of radiation damage on 
superconducting properties depends very much on the type and structure of the superconductors. 
The field of electronics holds great promise for practical applications of superconductors. The use of 
new superconductive films may resulting in more density packed chips which could transmit information 
more rapidly by several orders of magnitude. Superconducting junctions can be a very sensitive detector 
of the temperature rise due to the absorption of any radiation. Superconducting junctions can be used to 
detect electromagnetic radiation over a very broad range of frequencies as well as with several difference 
modes of detection [2- 4].  
Intense, short duration laser pulses can be focused onto solids to produce high temperature, non- 
equilibrium, and solid density plasmas. Electrons are heated within an optical skin depth in the target with 
little vaporization of the target during the laser pulse. When using short laser pulses incident on solid 
targets, it is found that absorption occurs in an optical skin depth at the solid surface and little or no 
expansion of the heated material takes place during the short laser pulse. There is rapid electron heating, 
ionization and recombination in the solid density material, while rapid cooling of the heated material 
occurs by thermal conduction due to laser thermal gradient [5-7]. 
Huang et al. [8] studied the rapid solidification behavior by pulse laser and its effect on the 
superconductivity of YBa2Cu3O7- . They showed that the rapid solidification process could form a 
densified and refined microstructure. Hoffman et al. [4] showed the effect of KrF laser ablation of 
YBa2Cu3O7-  on the composition and morphology of the ablated surface. They found that the 
composition ratio of the near surface region after ablation was maintained. Changes in the morphology 
were observed and four distinctive regions could be identified.  
Kadhim  [9] studied the effect of pulsed Nd: YAG laser upon the structure and electrical properties of 
YBa2Cu3Oy-  superconductor. He reported that laser pulses change the structure and that led to loosing of 
superconductivity with the appearance of new electrical properties gathering between the electrical 
properties of metals and semiconductors. 
The aim of this research is to elucidate the structure change accompanying with laser radiation effect to 
explore their relationship with superconducting properties, and try to give comprehensive data on the 
effects of this radiation.  
2. Experimental Details 
Solid state reaction method involving mixing, calcinations and sintering, has been used to prepare high 
temperature superconductor (HTSc) with a nominal composition YBa2Cu3O7- , Y0.9Gd0.1Ba1.9Sr0.1Cu3O7- ,
Y0.9Pr0.1Ba1.9Sr0.1Cu3O7- and Y0.9Pr0.2Ba1.9Sr0.1Cu3O7- samples. Details of the preparation processes were 
reported in a recent past work [10 and 11]. The radiation damage has been done at room temperature on 
samples by using Solid state laser Nd: Glass with wavelength  = 1.06 m. The irradiation conditions for 
the samples studied were as follows:  
Laser energies (0.559, 0.978 and 1.28) J. 
Pulse duration 300 sec 
Focal length 4 cm  
The structure of the prepared samples was examined by using X-ray diffractometer type Philips with 
the Cu- adiation. The resistivity measurements were performed by the standard four-probe method. 
Optical micrograph was taken under crossed polarized conditions in reflected light using an (Orthoplan 
Leitz polarized optical microscope) for irradiated Y0.8Gd0.2Ba2Cu3O7-  samples. 
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3. Results and Discussion 
X-ray diffraction (XRD) patterns of the Y1-xPrxBa1.9Sr0.1Cu3O7-  samples with x= 0, 0.1 and 0.2 are 
shown in Figs. (1-3) which could be discussed as follows: (i) at energies (0.9 and 0.5) J, the orthorhombic 
structure does not change significantly as compared with the XRD of samples before being irradiated. 
However peaks of BaCuO2 phase still figured in the pattern but a bit smaller. (ii) At 1.4 J the XRD pattern 
shows high intensity of the orthorhombic structure.  
Such results are in agreement with those reported by Blendell et al. [12]. He pointed out that by using 
SEM the fired surfaces of the grains were very faceted, which indicates that there is a very strong 
orientation dependence of the surface energy. 
The differences of the XRD patterns of Y0.8Pr2 Ba1.9Sr0.1Cu3O6.84 superconductor with x= 0.2 irradiated 
with deferent laser energies as shown in Fig. (4) are: 
(i) At energies (0.5 and 0.9) J the XRD pattern shows that the structure is still an orthorhombic phase 
with high intensity peaks (ii) Higher laser energy 1.4 J gives low intensity peaks.  
(ii) Higher laser energy 1.4 J gives low intensity peaks. This could be probably: ascribed to any of the 
factors discussed below: 
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Fig.1: XRD for YBa2Cu3O7 irradiated with 
different laser energies as indicated in the 
figures 
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Fig.2: XRD for Y0.9 Gd0.1Ba1.9Sr0.1Cu3O7-
irradiated with the denoted different laser 
energies. 
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1. Increasing the energy led to destroying the connected parts between the grains. 
2. A weak coupling between grains may be due to the occurrence of micro cracks between grains that 
may  happened  suddenly during the irradiation process, and that led to diffusion of vacancies and point 
defects or planar defects, similar conclusion was pointed out by Kanabara  [13]. 
3. The temperature during the irradiation was close to the melting point causing to melt and to 
recrystallization processes [14]. This led to the destruction of the original grains. However if the duration 
of the laser pulse is too small, the grains have no sufficient time to regrowth as due to grain growth of the 
sintered material, this looks like what has Huang [4]  pointed out that it is difficult to grow 
superconducting crystals by a directional solidification process. Table (7-1) reviews lattice parameters 
changing with laser energies and were observed, during irradiation processes, somehow systematic 
variation of lattice parameters.  
Effect of laser irradiation on electrical resistivity of the samples has been studied. In general, through 
looking to the Figs. (5- 7), we could notice that the samples lost their superconductivity and converted to 
semiconductor with higher electrical resistivity. 
The topography of YBa2Cu3O7 surface samples irradiated by Nd: Glass laser with different energies 
(E1 = 0.5, E2 = 0.95, E3 = 1.4) J were studied. It can be noticed from Fig (8-a,-b) that the sample which 
treated with (E1 = 0.5) J the topography of the surface has completely changed relative to the unirradiated 
area. The surface become rough, we believe that this is due to the high solidification rate of the metal 
surface area under radiation. When the laser energy increased to 0.978J the roughness of the surface in the 
irradiated area increased as well, which is relatively similar to the above effect as shown in Fig (9-a, - b).  
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Fig.4: XRD for Y0.9Pr0.2Ba1.9Sr0.1Cu3O7-
irradiated with the denoted different laser 
energies. 
Fig.3: XRD for Y0.9Pr0.1Ba1.9Sr0.1Cu3O7-
irradiated with the denoted different laser 
energies. 
E=0.5 J
E=0.9 J
E=1.4 J
(013) 
(110) 
(103)
(014) 
(005)
(003) 
(010)
(006) 
(020)(123) 
(116)
(213) 
(200) (113) 
E=0
20 304060 50
2 o
In
te
ns
ity
 ( 
a.
u)
 
100   M.M.Abbas et al. /  Energy Procedia  19 ( 2012 )  96 – 103 
Table 1: 
    E4=1.28(J)   E3=0.978(J) E2=0.559(J)  E1=0 (J )
  Lattice 
Parameter (Å)  
Compound  
3.8240 3.8317 3.8392 3.8394 a
YBa2Cu3O7 3.8870 3.8932 3.8979 3.8895 b
11.6762 11.6284 11.6761 11.6947 c
3.8299 3.8401 3.8258 3.8412 a
Y0.9Gd0.1Ba1.9Sr0.1Cu3O7- 3.8857 3.8875 3.8781 3.8751 b
11.6858 11.6607 11.6610 11.7004 c
3.8441 3.82350 3.83965 3.8334 a
Y0.9Pr0.1Ba1.9Sr0.1Cu3O7- . 3.8877 3.8782 3.88013 3.8880 b
11.6216 11.64419 11.61388 11.6634 c
3.8246 3.824648 3.8369 3.8311 a
Y0.8Pr0.2Ba1.9Sr0.1Cu3O7- 3.8844 3.884481 3.89485 3.8896 b
11.6573 11.65731 11.68536 11.6794 c
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Fig.5: Temperature dependents of resistivity 
for YBa2Cu3O7-  irradiated with different 
energies. 
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Fig.6: Temperature dependents of resistivity 
for Y0.8Gdr0.1Ba1.9Sr0.1O7-  irradiated with 
different energies.
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Fig.8: Temperature dependents of resistivity 
for Y0.8Pr0.2Ba1.9Sr0.1O7-  irradiated with 
different energies. 
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Fig.7: Temperature dependents of resistivity 
for Y0.5Pr0.1Ba1.9Sr0.1O7-  irradiated with 
different energies. 
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Further increasing of laser beam to 1.4 J produced a large difference in the roughness between the 
center of the radiated area and the surrounding, after magnifying the center of the irradiated area the grain 
boundary almost decreased see Fig. (10- a, -b).  The images of the rim areas that irradiated by above laser 
beam energies are represented in Figs (11-13).  
Fig. (8-a, -b): Optical microscope of the YBa2Cu3O7-   surface irradiated 0.5 J. (a) X= 50      (b) 
X=200 .  
Fig. (9-a,-b): Optical microscope of the YBa2Cu3O7-   surface irradiated 0.9 J. (a) X= 
50      (b) X= 200.   
Fig. (10-a, -b): Optical microscope of the YBa2Cu3O7-   surface irradiated 1.4 J. (a) 
X= 50        (b) X= 200.   
(a) (b) 
(a) (b) 
(a) (b) 
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In the present work the topography of the source material after irradiated has been found to reflect the 
thermal history of the surface. The structure of the superconductor that irradiated contains 4 types of 
elements YBaCuO. In fact the stoichiometry of the irradiated sample was unaffected by the irradiation 
Fig.(7-11) Rime area irradiated by 0.5 J,  
X=200. 
Fig.(12) Rime area irradiated by 0.9 J, 
X=200.
Fig.(13) Rime area irradiated by 1.4  J, 
X=200.
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process except for some oxygen deficiency indicates that the basic assumption of this process, i.e. laser 
causes the three metals to evaporate at the same rate in this process similar notice is pointed out by  
Hoffman [7]. The number and size of the surface particles-the grains- are decreasing with increasing 
photon energy while forming large islands of fine grains due to the melting process followed by 
nucleation and growth processes produced by the high energy of the laser beam that led to melt the 
irradiated area. We conclude from our data that creating the above mentioned islands resulted in releasing 
some oxygen due to the laser energy. And this caused a phase change occurs in the crater edge of the 
islands due to vitrification  processes of solidification rate of each area relative to the center of the laser 
beam. These are the main differences that one can observe in the figures above.  
4. Conclusions 
Samples radiated by Nd: Glass Laser loosed their superconductivity and became semiconductor. 
Optical microscope showed the topography of the surface was completely changed relative to the 
unradiated area. The grains became very fine and coalescent to form large islands with large crates. 
However the XRD showed that the stoichiometry of the irradiated samples was not affected by the 
irradiation process, although the oxygen content changed in parallel with some evaporated metals. As a 
whole, consequently the materials lost their high superconducting properties.
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